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Introduction
Soluble sugars have been proposed to play an important role in the desiccation tolerance and the high storability of orthodox seeds (see Leopold et al., 1994; Vertucci and Farrant, 1995; Pamenter and Beg& 1999 for a review). Two main hypotheses have been proposed to explain the potential beneficial effects of soluble sugar accumulation: the 'water replacement' hypothesis (Crowe et al., 1992) and vittification of the aqueous phase (Williams and Leopold, 1989; Leopold et al., 1994) .
The hypothesis that sugar composition might be used as an indicator for seed storage behaviour has been previously tested in two studies in which both recalcitrant and orthodox categories were comprehensively represented (Lin and Huang, 1994; Steadmann et al., 1996) . Sugar content was determined in the whole embryo in the study of Lin and Huang (1994) while it was determined separately in storage (cotyledons/endosperm) and embryonic (embryonic axis/embryo) tissues in Steadman et al. (1996) . In both studies, the o1igosaccharide:suaose (OS) ratio was found to be a good indicator of storage behaviour since it was significantly higher in orthodox seeds than in recalcitrant ones (Lin and Huang, 1994; Steadmann et al., 1996) . Withh each of the orthodox and recalcitrant categories, Steadman et al. (1996) did not find any significant difference in the 0.S ratio between reserve and embryonic tissues. For
,.
. . . Steadmán'et al. (1996) . In the predent study, the possibility' of using seed sugar composition as an indicator of seed behaviour in ten coffee species was tested. arabica L. were provided by CATIE, Turrialba, CostaRica. The seed desiccation sensitivity of nine of these ten coffee species has been studied previously (Dussert et al., 1999) by measuring the production of normal seedlings after equilibration of seeds for 2 weeks at 25°C over 13 different saturated salt solutions (BaCl,, %CO3, %SO4, KNO, KOH, Mg(NOJ, MgCl, Na,CO, NaNO, NaOH, NH4C1, NH,NO, (NH,),S04). Seeds were re-hydrated and cultured in vitro on a water gel under the conditions described by Dussert et al. (1997) . Seed desiccation sensitivity has been quantified by the water content and the corresponding water activity at which half of the initial viability is lost, WC,, and aWjw respectively. The desiccation sensitivity of C. sessiliflora seeds was studied and quantified using the same methods.
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The monosaccharide content was consistently very low in seeds iof all the coffee species studied (Table 1) ; . .
it ranged from 1.26 mg g-' dw for C. eugenioides to 2.34 mg g-' dw for C. pseudozanguebariae. Sucrose was the major soluble sugar in seeds of all the coffee species studied and its content was highly variable: it ranged from 33 mg g-' dw for C. liberica to 89 mg 8-I dw for C. pocsii. The values obtained for C. arabica, C. canephorn, C. liberica and C. pseudozanguebariae were equivalent to those mentioned in previous reports (Clifford, 1985; Trugo, 1988; Ky et a l . , 2000) . NO^ oligosaccharides were found in five of the ten species studied. Raffinose was detected in seeds of C. arabica, C. brevipes, C. hunzilis, C. sessiliflora and C. stenophylla, and stachyose was present in the seeds of only three of these five species (C. arabica, C. brevipes, C. sessiliflora). Verbascose was never detected. When raffinose and stachyose were present in seeds, their content was always very low (0.3-1.4 mg g-' dw and 0.1-0.7 mg g-' dw, respectively). The stachyose content of C. arabica seeds found in the present study ' was identical to that measured by Steadman et al. . (1996) ; in contrast, these authors did not detect any raffinose in the endosperm of C. a+a&ick seeds, while about 0.3 mg g-' dw of this compou'nd was detected in the seeds studied. and water content at which 50% of initial iiability was lost, WC, , and corresponding water activity, awj, in seeds of the ten coffee species. Results of one-way ANOVAs: F and P. Means followed by the same letter were not significantly different at the . .
performed with numerous ,g&otypes I of these .two species.-The> O S ratio was talculated for the five species in 8 which seeds-contained some oligosaccharides. It ranged from 0.004-foz C. stekophylla to 0.038 for C. brevipes.. observed for these fiv the lowest limit of the mnge.,of values measured in recalcitrant species (Lin and Hpang, 1994; Steadmann et a l . , 1996) . The sucrose content, the total soluble sugar content and the 0:s ratio were not correlated with seed desiccation sensitivity, as estimated by the water content and the water activity at which half of the initial viability was lost (Table 2) . Moreover, no association was found between the presence / absence of oligosaccharides and the two parameters used for quantifying seed desiccation sensitivity (P=0.3772 and 0.2191, respectively, as determined by one-way ANOVA). Thus, in contrast to the results of Lin and Table 2 . Result of linear regression analysis between the two parameters used for quantlfylng seed desiccation sensitivity, awso and WC, , . and the sucrose content, the total sugar content, and the ohgosaccharides:sucrose (OS) mass ratio of seeds of the ten coffee species studied: proportion of variance explained, R2, and probability, P.
Sucrose ( Huang (1994) and Steadman et aZ.'(1996) , nonelof the variables resulting from . seed . sugar analysis constituted a good indicator f the intraspecific variability for seed desiccation sensitivity amongcoffee species..This result supports those reviewed byí Vertucci and Farrant (1995) and Pammenter and Berjak (1999) , which suggest that sbluble sugars alone do not confer seed desiccation tolerance.
Since the values of the O S ratio found in the present work corresponded to the lowest values previously reported for recalcitrant seed species (Lin and Huang, 1994; Steadmann et d., 1996) , this ratio appears to be a poor indicator to distinguish between intermediate and recalcitrant species. In contrast to seeds in the recalcitrant and orthodox categories, it is possible that seeds of the intermediate category are characterised by differences in the O S ratio between storage and embryonic tissues (Steadman et aZ. , 1996) . In the present study, sugar content was measured in whole decoated seeds; it was not possible, therefore, to verify whether the variability for seed desiccation tolerance observed among ?off ee species was related to the sugar composition of the endosperm or of the embryo, or both. The endosperm represents more than 99% of the seed dry weight in coffee seeds (Eira et a l . , 1999b) , and the sugar composition measured in our study corresponded closely to that of the endosperm. Steadman et al. (1996) have suggested that the poor storability of some intermediate seeds could be linked to endosperm characteristics, e.g. the 0:s ratio, rather than those of the embryo. The 0:s ratios observed here for ten coffee species do not allow rejection of this hypothesis. Similarly, the sensitivity of C. arabica seeds to liquid nitrogen temperatures was shown to be related to endosperm sensitivity only (Dussert et al., 1997 
